Camponotus vittatus Forel is a poorly studied Neotropical ant, which is very common in Brazil. Larval descriptions are useful to systematics, as larval characters aid with genus-level differentiation, and ant larvae lie at the basis of ant social organization. This study presents the first description of the immatures of C. vittatus with the aid of light and scanning electron microscopy. There are three instars based on the frequency distribution of larval head widths. The larvae had some characteristics typical of Camponotus, specifically, a 'pogonomyrmecoid' body shape, 10 pairs of spiracles, antennae with 3 sensilla, mature larvae with pronounced labial pseudopalps, and conspicuous 'chiloscleres' on the labrum. Unique characteristics found would include the greatest diversity of body hair types recorded in an ant larva and 'camponotoid' mandibles with 6 medial denticles over the blade. The number of antennal sensilla proved variable.
their social role is often not clearly defined. For example, the larvae of some species exhibit morphological specializations which are important to colony nutrition (Cassill et al. 2005; Masuko 2008) . Although a number of Camponotus Mayr larvae have been described (Wheeler & Wheeler 1953 , 1968 , 1970 , 1974 , 1991 , the larvae of C. vittatus have not been described, although C. vittatus is a common and important ant in Brazil.
The present study aimed at describing each immature stage of C. vittatus workers with the aid of light and scanning electron microscopy.
MATERIALS AND METHODS

Collection of Samples
Nests of C. vittatus were obtained in 2006 in the municipality of Campinas (22°54'09.38"S, 47°05'56.84"W), São Paulo, Brazil, and the ants were reared in the laboratory (temperature 23-27°C and 50-70% relative humidity). From these colonies (n = 3) we obtained immatures to be used in our descriptions. It should be noted that our colonies did not have any alates, thus should contain no sexual larvae, which could interfere with instar determination of workers. Dartigues & Passera (1979) noted that reproductive larvae of Camponotus aethiops Latreille could have an additional instar, while minor and major workers had the same number of instars, their larvae differing only in body size. It should be noted that workers of C. vittatus are dimorphic.
Voucher specimens of eggs, larvae, and pupae were deposited in the "Adolph Hempel" entomological collection of the Centro de Pesquisa e Desenvolvimento de Sanidade Vegetal in Instituto Biológico, São Paulo, Brazil.
Determining the Number of Instars
As following molts was impracticable, the number of instars was determined based on a method described in Parra & Haddad (1989) . We measured the maximum head widths of the collected larvae (n = 427) and plotted the results on a frequency distribution graph, where every distinct peak was considered to correspond to a different instar. The obtained number of instars was tested against Dyar's rule (Parra & Haddad 1989) . The first instar and the last instar could be explicitly identified and used as reference to bracket others.
Description of the Immature Forms
The morphological descriptions were made with 20 larvae of each instar (10 by scanning electron microscopy and 10 by light microscopy), given that these larvae belonged to the most frequent head width found for the instar. The larvae were analyzed under a compound light microscope (Zeiss MC80 DX, maximum magnification of 1000X) and a scanning electron microscope (LEO 435 VP at 20.0 kV). With a stereomicroscope (Zeiss Stemi SV11, maximum magnification of 66X) equipped with a micrometric eyepiece, we could rapidly measure length and medial width of eggs (n = 100) and larvae (n = 145), head width and body length of pupae (n = 30).
Terminology used in our larval descriptions was based on Wheeler & Wheeler (1976) . Measures, where applicable, are given as mean ± standard deviation followed by the range and number (n) of observations. The following abbreviations are employed: (Tn) thoracic somite, with n being the number of that somite; (An) abdominal somite, with n being the number of that somite; (d) diameter; (h) height; (l) length; (w) width; (bs) body length between spiracles. The following additional terms were adopted to classify hair ramifications: side ramifications at the distal third of hair lengths are termed "tip ramifications", while side ramifications at the proximal third of hairs are referred to as "deep ramifications", and side ramifications at any point between these two marks are termed "moderate ramifications".
All collected samples were fixed in Dietrich's solution (900 mL distilled water, 450 mL 95% ethanol, 150 mL 40% formaldehyde, 30 mL acetic acid) for 24h and then conserved in 70% alcohol. Samples to be analyzed under the scanning electron microscope were dehydrated in an alcohol graded series (80-100%; 10 min for each concentration), and critical-point dried (Balzers CPD/030); dried specimens were then attached to aluminium stubs with double-faced conductive adhesive tape and gold-sputtered with a Balzers SCD/050 sputterer. Observations and images were obtained as soon as possible after sample preparation. Samples to be analyzed under the compound microscope were warmed for 10-30 min (depending on the instar) in KOH 10% and placed in a small drop of glycerin on a glass microscope slide.
RESULTS
Determination of Number of Instars
The frequency distribution of the larvae head capsule widths resulted in a multimodal distribution with 3 distinct peaks (suggesting the existence of 3 instars), the first being formed by first instar larvae and the last entirely formed by prepupae (Fig. 1) . The estimated number of instars yielded a good fit with Dyar's rule (R 2 = 0.98).
The mean growth rate between the instars was 1.29 (1.30 to first-second instars, and 1.27 to second-third instars).
Morphological Description of the Immature Forms
Egg. Ovoid but slightly elongate in shape, with delicate translucent chorion (l = 1.18 ± 0.07 mm, 1.03-1.40 mm; w = 0.57 ± 0.05 mm, 0.46-0.74 mm; n = 100). Length: width ratio 2.07.
General aspect of larvae. As the 3 different instars shared many characteristics, a general description is given followed by separate descriptions for larvae of each instar. Body: Body shape 'pogonomyrmecoid' (Fig. 2) , defined by Wheeler & Wheeler (1976) as "Diameter greatest near middle of abdomen, decreasing gradually toward head and more rapidly toward posterior, which is rounded; thorax more slender than abdomen and forming a neck, which is curved ventrally". Larvae whitish and markedly hairy, with 13 distinct somites (3 thoracic and 10 abdominal); anus subterminal (Fig. 3A ). There were transverse rows of spines over the ventral body region of body segments T2, T3, A1, and A2 which had few hairs (Fig. 3B) ; spinules were particularly abundant on this region of third instars (Figs. 3C-E) . The different types of hairs found with each instar analyzed are shown in Figs. 4 and 5 and summarized in Table 1 . Ten pairs of unornamented spiracles, 2 thoracic and 8 abdominal (Fig. 3F ). Head Capsule ( Fig. 6A ): Subelliptical; antennae consisting of 3 (rarely 4) basiconic sensilla that may or may not be arranged in a row placed over a slight elliptical elevation (Fig. 6B) . Clypeus clearly delimited. Mouthparts: Labrum subparabolic in shape and not completely detached from the ventral border of clypeus, bearing 6 basiconic sensilla over its ventral border and 6 sensilla on the anterior face, hairs at the number of 8-11, always simple (subtype S1). Mandibles markedly sclerotized and roughly 'camponotoid' in shape, defined by Wheeler & Wheeler (1976) as "subtriangular; base broad (width at least 2/3 the length); apex forming a round-pointed tooth; no medial teeth (or rarely 1 small one)", however presenting 6 denticles over the inner blade (thus presenting medial teeth); there were 2 encapsulated sensilla near the base of each mandible. Maxillae conoidal in shape but prolonged, acquiring a mandible-like appearance (Fig. 6A) , and bearing 7-9 hairs (subtypes varying according with instar; see below); maxillary palps paxilliform with 4 basiconic sensilla and 1 enclosed sensillum; galea digitiform with 2 basiconic sensilla on top (Fig. 6C) . Labium roughly rounded, presenting a group of spinules arranged in transversal rows on the region above the slit-like sericteries, and 8-11 simple hairs over the ventral border (Fig. 6D ). Labial palps with 3 basiconic sensilla and 1 enclosed sensillum (Fig. 6E) .
First Instar. Body (l = 1.58 ± 0.20 mm, 1.05-2.25 mm; w = 0.40-0.80 mm; n = 87) (bs = 1.72 ± 0.13 mm, 1.55-1.93 mm, n = 10): Covered with branched (E1: 0.055-0.083 mm, n = 2; E4: 0.050 mm, n = 1). Mouthparts: Labrum (l = 0.150-0.167 mm, n = 2); mandibles (l = 0.112 ± 0.006 mm, 0.100-0.120 mm, n = 10); maxilla (l = 0.118-0.152 mm; n = 2), maxillary palps (h = 0.021 ± 0.002 mm, 0.018-0.025 mm, n = 10; in some specimens shaped like a 'skewed peg'), galea (h = 0.022 ± 0.003 mm, 0.018-0.025 mm, n = 10); labium (l = 0.094-0.109 mm, n = 2), labial palps (h = 0.008-0.010 mm, n = 10). Hairs of each mouthpart (types and length given in parentheses): labrum (S1: 0.034 ± 0. Covered with 4,000-7,000 hairs, of the following types: simple (S1: 0.064 ± 0.017 mm, 0.040-0.112 mm, n = 20; S2: 0.062-0.141 mm, n = 7; S4: 0.122 ± 0.013 mm, 0.095-0.150 mm, n = 50); bifid (B1: 0.046 mm, n = 1; B2: 0.084 mm, n = 1; B3: 0.063 ± 0.016 mm, 0.038-0.115 mm, n = 50); 3-branched (R1: 0.069-0.078 mm, n = 3; R2: 0.055 ± 0.012 mm, 0.035-0.080 mm, n = 50; R3: 0.071-0.089 mm, n = 3; R4: 0.060 ± 0.008 mm, 0.046-0.072 mm, n = 10); 4-branched (E1: 0.057 ± 0.009 mm, 0.045-0.080 mm, n = 17; E2: 0.063-0.083 mm, n = 3; E3: 0.084 mm, n = 1; E5: 0.086 mm, n = 1); 5-branched (P1: 0.048 mm, n = 1; P2: 0.055 mm, n = 1; P3: 0.060 mm, n = 1); 6-branched (H1: 0.058 mm, n = 1). First pair of spiracles greater (d = 0.025 mm, n = 10) than the equally-sized others (d = 0.018-0.020 mm, n = 90). Head capsule (w = 0.66 mm, n = 33): Head hairs distributed as follows: 27-39 hairs over each gena, 17-18 hairs over the clypeus, 4 hairs over the frons, 4 hairs over the vertex and 5-7 hairs along the occipital border. Head hairs of the following types (subtype and length given in parentheses): simple (S1: 0.054 ± 0.028 mm, 0.020-0.127 mm, n = 20; S2: 0.075 ± 0.010 mm, 0.048-0.090 mm, n = 17); bifid (B2: 0.063-0.092 mm, n = 3; B3: 0.084 ± 0.017 mm, 0.045-0.120 mm, n = 43); 3-branched (R1: 0.086 ± 0.010 mm, 0.070-0.104 mm, n = 11; R2: 0.073-0.095 mm, n = 2; R3: 0.065 mm, n = 1; R5: 0.080 mm, n = 1); 4-branched (E1: 0.075 mm, n = 1). Mouthparts: Labrum (l = 0.212-0.283 mm, n = 4), having conspicuous 'chiloscleres', defined by Wheeler & Wheeler (1953) as ". . . the pair of conspicuous dark brown spots, one at either side of the labrum. Each chilosclere consists of a bar along the lateral margin of the labrum; these bars are apparently formed from enormously thickened and hardened portions of the cuticula"; mandibles (l = 0.221 ± 0.013 mm, 0.200-0.240 mm, n = 10); maxilla (l = 0.203-0.264 mm, n = 3; dorsally spinulose - Fig. 6C ), maxillary palps (h = 0.055 ± 0.004 mm, 0.050-0.060 mm, n = 10), galea (h = 0.050-0.060 mm, n = 10); labium (l = 0.180-0.206 mm, n = 4), labial palps (h = 0.023-0.030 mm, n = 10). Larvae of this instar had pronounced labial pseudopalps (h = 0.020 ± 0.003 mm, 0.015-0.023 mm, n = 10), with a conspicuous apical opening (Fig. 6F) . Hairs of each mouthpart (types and length given in parentheses): labrum (S1: 0.046 ± 0.011 mm, 0.024-0.062 mm, n = 20); maxilla (S1/S2: 0.055 ± 0.008 mm, 0.042-0.073 mm, n = 20; hair subtypes indistinguishable when seen under the compound microscope); labium (S1/S2: 0.049 ± 0.004 mm, 0.045-0.055 mm, n = 20), labial palps paxilliform.
Pupa. During early development, pupae are whitish, with eyes and body getting darker during metamorphosis. Pupae exarate (body: l = 6.64 ± 0.56 mm, 5.71-7.81 mm; head: w = 0.96-2.39 mm; n = 30) and enclosed in silky cocoons; dark meconium ejected inside the cocoon. Only white pupae were measured.
DISCUSSION Determination of Number of Instars
The number of instars was determined for 6 species of Camponotus: Camponotus noveboracensis Fitch with 3 instars; Camponotus rufipes Fabricius and Camponotus textor Forel with 4 instars; Camponotus abdita Forel, C. aethiops, and Camponotus vagus Scopoli with 5 instars (Wheeler & Wheeler 1953; Benois 1972; Dartigues & Passera 1979; Bueno & Rossini 1986; Wheeler & Wheeler 1991; Solis et al. 2009b ). The number of instars herein recorded for C. vittatus was the same of C. noveboracensis, but differed from the number of instars of other Camponotus species, illustrating how distinct species in the same genus may have different numbers of instars.
Morphological Description of the Immatures
Some traits typical of Camponotus larvae (see Wheeler & Wheeler 1953 , 1976 were confirmed with this species: general mandible and body shape, presence of chiloscleres, praesaepium (some specimens), pseudopalps, and ten pairs of spiracles. Unique traits would include: mandibular medial teeth, and the greatest recorded diversity of hair types. Moreover, the number of antennal sensilla proved variable.
The mandibles of C. vittatus fitted the pattern in the genus-'camponotoid'-however it presented medial 6 denticles, thus being different from mandibles of other described Camponotus, with the exception of C. novaeboracensis (Wheeler & Wheeler 1953) and C. textor (Solis et al. 2009b ), which also had medial teeth, although in different numbers.
The antenna of 1 second-instar specimen had 4 sensilla, illustrating variation in the number of antennal sensilla in Camponotus larvae. Intraspecific variation in the number of antennal sensilla was observed by Wheeler & Wheeler (1976) , thus the phenomenon is fairly widespread. This serves to illustrate the importance of analyzing a large sample while searching for variations.
The larvae of C. vittatus had 6 different types of hairs, depending on the body region and instar analyzed, with considerable variation in the number of hairs and hairs types present between different specimens of same instar. Only hair type S1 was found widespread on larvae of all instars. All types of hairs described with larvae of the tribe Camponotini were found on the larvae of C. vittatus, which could have up to 6 ramifications. Such elevated diversity of hair types is surprising, contrasting with the statement in Wheeler & Wheeler (1953) that ". . . no species has all (herein described hair) types."-being only comparable with recent observations with C. textor (see Solis et al. 2009b Camponotus nigriceps Wheeler and Wheeler (1974) Up to 2 ? 8 10 6
Camponotus postcornutus Wheeler and Wheeler (1974) Up to 2
Up to 2 12 10 8
Camponotus sansabeanus Wheeler and Wheeler (1953) Up to 4 ? 11 6 6
Camponotus santosi Wheeler and Wheeler (1968) Up to 5
Up to 4 8 14 ?
Camponotus simillimus Wheeler and Wheeler (1953) Up to 4
Up to 2 9 4 6
Camponotus vicinus Wheeler and Wheeler (1968) Up to 4
Up to 4 10 14 ?
Camponotus vittatus
Present study
Up to 6
Up to 4 8-11 6 6 (?) not given in original description.
and commentaries therein). This find illustrates that the actual maximum number of different hair types that can be found on ant larvae of the same Camponotini species is much higher than credited and the matter still awaits further consideration. Types of hairs varied among larvae of different instars, including variation in the apical hooks of some hairs of second and third instars. The great diversity of body hairs and variations among instars strongly suggest that hairs play an important role in the biology of these organisms. Some suggestions on the functionality of body hairs have been proposed (Wheeler & Wheeler 1976 ), but the matter still awaits detailed biological observations.
From comparing the larvae of C. vittatus with other described larvae within the subgenus Tanaemyrmex (Table 2) , it can be seen that C. vittatus can be identified based on the number of sensilla on the anterior face of the labrum. Morphometrical differences between the instars are also reported, which can be used as alternatives to the width of head capsules in sorting between different instars: mandible length and diameter of first thoracic spiracle; hair types and abundance proved useful in instar separation. The information provided is thus useful to general ant systematics and taxonomy, and we hope it will help clarify biological aspects and social organization of these ant other ant species in future behavioral studies.
